Abstract. Since nanoparticle albumin-bound (nab)-paclitaxel exerts clinically meaningful antitumor effects on various malignancies, including breast, gastric and non-small-cell lung cancer, we hypothesized that treatment with nab-paclitaxel may also be beneficial for patients with small-cell lung cancer (SCLC). We herein evaluated the safety and efficacy of weekly, single-agent nab-paclitaxel in patients with refractory or relapsed SCLC. Between May, 2013 and February, 2015, 9 patients with refractory or relapsed SCLC were treated with single-agent nab-paclitaxel at the Kyoto University Hospital. The medical records of the patients were retrospectively reviewed. All the patients had been previously treated with ≥2 lines of chemotherapy prior to receiving nab-paclitaxel. The median number of cycles of nab-paclitaxel was 2 (range, 1-4) and 3 partial responses were observed (response rate: 33%). The toxicity was generally mild and manageable: Grade 3/4 adverse events were only observed in 1 patient (grade 3 leukopenia). Thus, weekly administration of nab-paclitaxel may be a viable treatment option in patients with refractory or relapsed SCLC. Considering that treatment options are quite limited in this patient population, further evaluation of this regimen may prove valuable in the clinical setting.
Introduction
Although small-cell lung cancer (SCLC) is initially highly sensitive to chemotherapy and radiotherapy, the majority of the patients eventually experience disease relapse and their prognosis is generally poor. To date, topotecan is the only Food and Drug Administration-approved drug for relapsed or refractory SCLC. In Japan, amrubicin is also available; however, the overall treatment options for such patients is limited.
Previous phase II studies have demonstrated that paclitaxel has antitumor activity in patients with pretreated SCLC (1) . Recently, nanoparticle albumin-bound (nab)-paclitaxel (Abraxane ® ; Taiho, Tokyo, Japan) was developed to improve the therapeutic index of paclitaxel, and randomized studies have confirmed that nab-paclitaxel was more effective and exhibited a more favorable safety profile compared with conventional solvent-based paclitaxel (2) .
In this study, based on this background, we retrospectively reviewed 9 patients with refractory or relapsed SCLC who were treated with nab-paclitaxel at Kyoto University Hospital.
Patients and methods
Patients. Between May, 2013 and February,2015, 64 patients with thoracic malignancies were treated with nab-paclitaxel. Of those patients, 8 had thymic tumors, 47 had non-small-cell lung cancer (NSCLC) and 9 had SCLC. Nab-paclitaxel (100 mg̸m 2 ) was administered on days 1, 8, and 15 of a 28-day cycle. Tumor response was evaluated by using the Response Evaluation Criteria in Solid Tumors, version 1.1 (3), and adverse events were graded by using the Common Terminology Criteria for Adverse Events, version 4.0 (http://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm#ctc_40; http:// ctep.cancer.gov/protocolDevelopment/ electronic_applica-tions/ctc.htm#ctc_40%3E*).
Type of relapse. In this study, sensitive relapse was defined as patients who responded to initial chemotherapy and developed disease recurrence >3 months after the completion of chemotherapy, whereas refractory relapse was defined as patients who did not respond to initial chemotherapy or developed disease recurrence within 3 months after the completion of chemotherapy.
Results
Patient characteristics. The patient characteristics are summarized in Table I . The median age of the patients was 67 years (range, 60-76 years) and our sample included 6 men and 3 women. The performance status was 0 in 4, 1 in 3, and 2 in 2 patients. All the patients had been previously treated with ≥2 lines of chemotherapy prior to receiving nab-paclitaxel (range, 2-9 lines). A total of 5 patients were Albumin-bound paclitaxel for the treatment of refractory or relapsed small-cell lung cancer classified as sensitive relapse and the remaining 4 as refractory relapse. Three patients had been previously treated with solvent-based paclitaxel.
Response. There were 3 partial responses (response rate: 33%) and a representative case is shown in Fig. 1 . Among these 3 patients, all 3 were classified as sensitive relapse and 2 had been pretreated with solvent-based paclitaxel, both of whom achieved partial response after two cycles, but their disease progressed after four cycles of solvent-based paclitaxel. The median number of cycles of nab-paclitaxel was 2 (range, 1-4 cycles). The 2 non-evaluable cases were due to deterioration of epilepsy, without central nervous system metastases, in one case, and lack of adequate radiographic follow-up in the other case (Table II) .
Toxicity. The toxicities of nab-paclitaxel are summarized in Table III . Of the 9 patients, only 1 developed a grade 3 event (leukopenia); no other grade 3/4 adverse events hematological or non-hematological, were observed. One patient required a dose reduction due to fatigue, but no treatment discontinuation was required.
Discussion
Despite an initial good response to chemotherapy, almost all SCLC patients experience relapse. To date, a number of studies on salvage chemotherapy have been conducted, and some demonstrated a clinical benefit. For example, topotecan prolonged survival time and improved quality of life compared with supportive care alone (4), and amrubicin exhibited efficacy comparable to that of topotecan (5) . However, it is clear that the treatment options remain quite limited. Nab-paclitaxel has been approved for the treatment of NSCLC, but its efficacy against SCLC remains unknown.
In this study, we aimed to report the efficacy and toxicity of nab-paclitaxel for relapsed or refractory SCLC. Although all the patients were heavily pretreated, 3 patients achieved partial response with nab-paclitaxel. Interestingly, 2 patients who developed disease progression after weekly solvent-based paclitaxel treatment responded to nab-paclitaxel. In in vitro and mouse models, at an equitoxic dose, nab-paclitaxel-treated groups exhibited more complete regressions, longer time to recurrence, longer doubling time and prolonged survival, compared with solvent-based paclitaxel (6). In addtion, at an equal dose, intratumoral accumulation of paclitaxel was 33% higher for nab-paclitaxel vs. solvent-based paclitaxel (6) . These results were consistent with the results of clinical trials of breast cancer (2) and NSCLC (7), and our study suggested the superiority of the nab-paclitaxel to solvent-based paclitaxel in SCLC as well.
In conclusion, our findings suggest that weekly administration of nab-paclitaxel may be a useful treatment option for refractory or relapsed SCLC. However, further investigation of nab-paclitaxel, alone or in combination with other agents, for SCLC is warranted. 
